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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREFOR AND ELECTRONIC 
DEVICE

(57) A semiconductor device and a manufacturing
method thereof, and an electronic device, relates to the
field of semiconductor technologies are provided. The
semiconductor device includes vertical gate all around
transistors with different gate lengths. The semiconduc-
tor device includes: a substrate (01) and a first semicon-
ductor fin (Z1) and a second semiconductor fin (Z2) that
are located on the substrate (01). The first semiconductor
fin (Z1) includes a plurality of stacked isolation semicon-
ductor pattern layers and at least one channel semicon-
ductor pattern layer, and each channel semiconductor
pattern layer is sandwiched between two isolation sem-
iconductor pattern layers. The second semiconductor fin
(Z2) includes a first isolation semiconductor pattern layer,
a first channel semiconductor layer, and a second isola-
tion semiconductor pattern layer that are successively
stacked. A total thickness of all channel semiconductor
pattern layers in the first semiconductor fin (Z1) is differ-
ent from a thickness of the first channel semiconductor
pattern layer in the second semiconductor fin (Z2).
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Description

TECHNICAL FIELD

[0001] This application relates to the field of semicon-
ductor technologies, and in particular, to a semiconductor
device and a manufacturing method thereof, and an elec-
tronic device.

BACKGROUND

[0002] With continuous scaling of a metal oxide sem-
iconductor field effect transistor (metal oxide semicon-
ductor field effect transistor, MOSFET) device, a vertical
gate all around (vertical gate all around, VGAA) transistor
(hereinafter referred to as a VGAA device) is gradually
applied, and is also considered as a future development
direction.
[0003] For the VGAA device, it is extremely difficult to
manufacture VGAA devices with different gate lengths
at the same time because of a change of a channel di-
rection. Therefore, currently, research almost focuses on
implementation of short channel devices with a same
gate length.

SUMMARY

[0004] This application provides a semiconductor de-
vice and a manufacturing method thereof, and an elec-
tronic device, and provides a semiconductor device that
includes vertical gate all around transistors with different
gate lengths.
[0005] An embodiment of this application provides a
semiconductor device, including a substrate and a first
semiconductor fin and a second semiconductor fin that
are located on the substrate. The first semiconductor fin
includes a plurality of stacked isolation semiconductor
pattern layers and at least one channel semiconductor
pattern layer, and each channel semiconductor pattern
layer is sandwiched between two isolation semiconduc-
tor pattern layers. The second semiconductor fin includes
a first isolation semiconductor pattern layer, a first chan-
nel semiconductor layer, and a second isolation semi-
conductor pattern layer that are successively stacked. A
total thickness of all channel semiconductor pattern lay-
ers in the first semiconductor fin is different from a thick-
ness of the first channel semiconductor pattern layer.
[0006] In the semiconductor device, a first vertical gate
all around transistor and a second vertical gate all around
transistor have different gate lengths, thereby increasing
an application range of the semiconductor device. For
example, a requirement of an analog circuit on vertical
gate all around transistors with different gate lengths can
be met.
[0007] In some possible implementations, semicon-
ductor materials in a channel semiconductor pattern layer
closest to the substrate in the first semiconductor fin and
the first channel semiconductor pattern layer are the

same. In this case, in actual manufacturing, the channel
semiconductor pattern layer closest to the substrate in
the first semiconductor fin and the first channel semicon-
ductor pattern layer can be prepared by using a same
channel semiconductor layer, thereby simplifying a proc-
ess and reducing manufacturing costs.
[0008] In some possible implementations, the first
semiconductor fin includes a third isolation semiconduc-
tor pattern layer, a second channel semiconductor pat-
tern layer, and a fourth isolation semiconductor pattern
layer that are successively disposed on the substrate. A
thickness of the second channel semiconductor pattern
layer is different from the thickness of the first channel
semiconductor pattern layer. Therefore, the first vertical
gate all around transistor and the second vertical gate all
around transistor with different channel lengths can be
obtained.
[0009] In some possible implementations, the third iso-
lation semiconductor pattern layer is closer to the sub-
strate relative to the fourth isolation semiconductor pat-
tern layer. The first isolation semiconductor pattern layer
is closer to the substrate relative to the second isolation
semiconductor pattern layer. Thicknesses of the third iso-
lation semiconductor pattern layer and the first isolation
semiconductor pattern layer are the same, and semicon-
ductor materials in the third isolation semiconductor pat-
tern layer and the first isolation semiconductor pattern
layer are the same. Thicknesses of the fourth isolation
semiconductor pattern layer and the second isolation
semiconductor pattern layer are the same, and semicon-
ductor materials in the fourth isolation semiconductor pat-
tern layer and the second isolation semiconductor pattern
layer are the same.
[0010] In this case, in actual manufacturing, the third
isolation semiconductor pattern layer and the first isola-
tion semiconductor pattern layer can be prepared by us-
ing a same isolation semiconductor layer, and the fourth
isolation semiconductor pattern layer and the second iso-
lation semiconductor pattern layer can be prepared by
using a same isolation semiconductor layer. That is, the
third isolation semiconductor pattern layer and the first
isolation semiconductor pattern layer are in a same layer
and are of same materials, and the fourth isolation sem-
iconductor pattern layer and the second isolation semi-
conductor pattern layer are in a same layer and are of
same materials, thereby simplifying a process and re-
ducing manufacturing costs.
[0011] In some possible implementations, the first
semiconductor fin includes a fifth isolation semiconductor
pattern layer, a third channel semiconductor pattern lay-
er, a sixth isolation semiconductor pattern layer, a fourth
channel semiconductor pattern layer, and a seventh iso-
lation semiconductor pattern layer that are successively
disposed on the substrate. A thickness of the third chan-
nel semiconductor pattern layer is the same as the thick-
ness of the first channel semiconductor pattern layer.
Therefore, the first vertical gate all around transistor and
the second vertical gate all around transistor with differ-
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ent channel lengths can be obtained.
[0012] In some possible implementations, semicon-
ductor materials in the first channel semiconductor pat-
tern layer and the second channel semiconductor pattern
layer are the same. In this case, in actual manufacturing,
the first channel semiconductor pattern layer and the sec-
ond channel semiconductor pattern layer can be ob-
tained by using a same channel semiconductor layer,
and are prepared in a local etching and thinning manner.
That is, the first channel semiconductor pattern layer and
the second channel semiconductor pattern layer are in
a same layer and are of same materials, thereby simpli-
fying a process and reducing manufacturing costs.
[0013] In some possible implementations, the fifth iso-
lation semiconductor pattern layer is closer to the sub-
strate relative to the sixth isolation semiconductor pattern
layer. The first isolation semiconductor pattern layer is
closer to the substrate relative to the second isolation
semiconductor pattern layer. Thicknesses of the fifth iso-
lation semiconductor pattern layer and the first isolation
semiconductor pattern layer are the same, and semicon-
ductor materials in the fifth isolation semiconductor pat-
tern layer and the first isolation semiconductor pattern
layer are the same. Thicknesses of the sixth isolation
semiconductor pattern layer and the second isolation
semiconductor pattern layer are the same, and semicon-
ductor materials in the sixth isolation semiconductor pat-
tern layer and the second isolation semiconductor pattern
layer are the same.
[0014] In this case, in actual manufacturing, the fifth
isolation semiconductor pattern layer and the first isola-
tion semiconductor pattern layer can be prepared by us-
ing a same isolation semiconductor layer. The sixth iso-
lation semiconductor pattern layer and the second isola-
tion semiconductor pattern layer can be prepared by us-
ing a same isolation semiconductor layer. That is, the
fifth isolation semiconductor pattern layer and the first
isolation semiconductor pattern layer are in a same layer
and are of same materials, and the sixth isolation semi-
conductor pattern layer and the second isolation semi-
conductor pattern layer are in a same layer and are of
same materials, thereby simplifying a process and re-
ducing manufacturing costs.
[0015] In some possible implementations, thicknesses
of the first channel semiconductor pattern layer and the
third channel semiconductor pattern layer are the same,
and semiconductor materials in the first channel semi-
conductor pattern layer and the third channel semicon-
ductor pattern layer are the same. In this case, in actual
manufacturing, the first channel semiconductor pattern
layer and the third channel semiconductor pattern layer
can be prepared by using a same semiconductor layer.
That is, the first channel semiconductor pattern layer and
the third channel semiconductor pattern layer are in a
same layer and are of same materials, thereby simplify-
ing a process and reducing manufacturing costs.
[0016] In some possible implementations, in the first
semiconductor fin, gate spacers are disposed on sides

around isolation semiconductor pattern layers on both
sides of each channel semiconductor pattern layer, and
a gate insulation layer and a gate layer are successively
disposed on sides around the channel semiconductor
pattern layer and between two gate spacers. In the sec-
ond semiconductor fin, gate spacers are disposed on
sides around the first isolation semiconductor pattern lay-
er and the second isolation semiconductor pattern layer,
and a gate insulation layer and a gate layer are succes-
sively disposed on sides around the first channel semi-
conductor layer and between two gate spacers.
[0017] In some possible implementations, the sub-
strate is a silicon substrate.
[0018] In some possible implementations, a material
for forming the isolation semiconductor layer includes
SiGe, and a material for forming the channel semicon-
ductor layer includes Si.
[0019] In some possible implementations, a material
for forming the isolation semiconductor layer includes Si,
and a material for forming the channel semiconductor
layer includes SiGe.
[0020] An embodiment of this application further pro-
vides a manufacturing method for a semiconductor de-
vice, including: forming an initial stacked semiconductor
structure on a substrate, where the initial stacked semi-
conductor structure includes at least one isolation sem-
iconductor layer and at least one channel semiconductor
layer that are formed alternately on the substrate; etching
the initial stacked semiconductor structure to form an in-
termediate stacked semiconductor structure, where the
intermediate stacked semiconductor structure includes
an effective channel semiconductor layer, the effective
channel semiconductor layer is located between two iso-
lation semiconductor layers, the effective channel sem-
iconductor layer has a first thickness in a first area and
a second thickness in a second area, the first thickness
is different from the second thickness, and the first area
and the second area are different areas; and etching the
intermediate stacked semiconductor structure to form a
first semiconductor fin structure in the first area and a
second semiconductor fin structure in the second area.
[0021] By using the manufacturing method provided in
this embodiment of this application, an effective channel
semiconductor pattern layer having areas with different
thicknesses can be manufactured through etching, and
areas with different thicknesses of the effective channel
semiconductor pattern layer are used as channel length
areas of a vertical gate all around transistor subsequent-
ly. In addition, in a manufacturing procedure, a channel
shape (for example, a cylindrical shape or a cube shape)
of a vertical gate all around transistor can be further con-
trolled based on an actual requirement through etching.
That is, by using the manufacturing method in this appli-
cation, at least two vertical gate all around transistors
with different channel lengths (gate lengths) can be si-
multaneously manufactured by using one process, that
is, a channel design degree of freedom of the vertical
gate all around transistor is increased, and a long channel
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gate all around transistor and a short channel gate all
around transistor can be simultaneously formed, thereby
increasing an application range of the semiconductor de-
vice.
[0022] In some possible implementations, a top-layer
epitaxial isolation semiconductor layer is disposed at an
uppermost layer of the intermediate stacked semicon-
ductor structure. Before the etching the intermediate
stacked semiconductor structure, the manufacturing
method for a semiconductor device further includes: per-
forming planarization processing on an upper surface of
the top-layer epitaxial isolation semiconductor layer to
ensure planarity of the upper surface of the top-layer epi-
taxial isolation semiconductor layer, to facilitate manu-
facturing of another film layer at the top-layer epitaxial
isolation semiconductor layer subsequently.
[0023] In some possible implementations, the forming
an initial stacked semiconductor structure on a substrate
includes: successively forming a first isolation semicon-
ductor layer and a first channel semiconductor layer on
the substrate to obtain the initial stacked semiconductor
structure; and the etching the initial stacked semiconduc-
tor structure to form an intermediate stacked semicon-
ductor structure includes: etching and thinning the first
channel semiconductor layer located in the second area
to form the effective channel semiconductor layer, and
successively forming a second isolation semiconductor
layer and a top-layer epitaxial isolation semiconductor
layer at the effective channel semiconductor layer, so as
to obtain the intermediate stacked semiconductor struc-
ture.
[0024] In some possible implementations, the forming
an initial stacked semiconductor structure on a substrate
includes: successively forming a first isolation semicon-
ductor layer, a first channel semiconductor layer, a sec-
ond isolation semiconductor layer, a second channel
semiconductor layer, a third isolation semiconductor lay-
er, and a first epitaxial isolation semiconductor layer on
the substrate to obtain the initial stacked semiconductor
structure; and the etching the initial stacked semiconduc-
tor structure to form an intermediate stacked semicon-
ductor structure includes: etching the initial stacked sem-
iconductor structure, and removing at least a film layer
that is in the second area and that is located above the
second channel semiconductor layer, to obtain an etched
initial stacked semiconductor structure, where the etched
initial stacked semiconductor structure includes the ef-
fective channel semiconductor layer, and the effective
channel semiconductor layer includes one channel sem-
iconductor layer in the second area, and includes two
channel semiconductor layers in the first area; and form-
ing a top-layer epitaxial isolation semiconductor layer on
an upper surface of the etched initial stacked semicon-
ductor structure, to obtain the intermediate stacked sem-
iconductor structure.
[0025] In some possible implementations, the remov-
ing at least a film layer that is in the second area and that
is located above the second channel semiconductor layer

includes: removing the film layer that is in the second
area and that is located above the second channel sem-
iconductor layer, and reducing a thickness of the second
channel semiconductor layer in the second area. There-
fore, a manufacturing process with relatively low etching
accuracy may be used in a manufacturing procedure,
thereby reducing a manufacturing process requirement.
[0026] In some possible implementations, after the
etching the intermediate stacked semiconductor struc-
ture to form a first semiconductor fin structure in the first
area and a second semiconductor fin structure in the sec-
ond area, the manufacturing method for a semiconductor
device further includes: partially etching an isolation sem-
iconductor layer in each of the first semiconductor fin
structure and the second semiconductor fin structure to
form a side wall groove, and filling the side wall groove
with an insulation medium material to form a gate spacer;
and etching a channel semiconductor layer between two
gate spacers to form a channel groove, and forming a
gate insulation layer and a gate layer that are succes-
sively disposed in the channel groove.
[0027] In some possible implementations, the forming
a gate insulation layer and a gate layer that are succes-
sively disposed in the channel groove includes: forming,
by using an HKMG process, a high dielectric constant
insulation layer and a metal gate layer that are succes-
sively disposed in the channel groove. In this case, per-
formance of a prepared vertical gate all around transistor
can be improved, a gate leakage quantity can be re-
duced, and gate capacitance and a key size of the vertical
gate all around transistor can be reduced.
[0028] In some possible implementations, before the
forming an initial stacked semiconductor structure on a
substrate, the manufacturing method for a semiconduc-
tor device further includes: disposing the substrate, and
separately forming wells at positions corresponding to a
plurality of to-be-formed vertical gate all around transis-
tors on the substrate.
[0029] An embodiment of this application further pro-
vides an electronic device, including the semiconductor
device in any one of the foregoing possible implementa-
tions.

BRIEF DESCRIPTION OF DRAWINGS

[0030]

FIG. 1 is a schematic diagram of a local structure of
a semiconductor device according to an embodi-
ment of this application;
FIG. 2 is a schematic diagram of a structure of a
semiconductor fin part in a semiconductor device ac-
cording to an embodiment of this application;
FIG. 3 is a schematic diagram of a structure of a
semiconductor fin part in a semiconductor device ac-
cording to an embodiment of this application;
FIG. 4 is a flowchart of a front end of line of a sem-
iconductor device according to an embodiment of
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this application;
FIG. 5 is a flowchart of a front end of line of a sem-
iconductor device according to Embodiment 1 of this
application;
FIG. 6 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 7 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 8 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 9 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 10 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 11 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 12 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 1 of this application;
FIG. 13 is a schematic diagram of a structure of a
semiconductor device after a front end of line is com-
pleted according to Embodiment 1 of this application;
FIG. 14 is a schematic diagram of a structure of a
semiconductor device after a back end of line is com-
pleted according to Embodiment 1 of this application;
FIG. 15 is a flowchart of a front end of line of a sem-
iconductor device according to Embodiment 2 of this
application;
FIG. 16 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 17 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 18 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 19 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 20 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 21 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 22 is a schematic diagram of a structure of a
semiconductor device in a manufacturing procedure
according to Embodiment 2 of this application;
FIG. 23 is a schematic diagram of a structure of a
semiconductor device after a front end of line is com-
pleted according to Embodiment 2 of this application;

and
FIG. 24 is a schematic diagram of a structure of a
semiconductor device after a back end of line is com-
pleted according to Embodiment 2 of this application.

DESCRIPTION OF EMBODIMENTS

[0031] To make the objectives, technical solutions, and
advantages of this application clearer, the following clear-
ly describes the technical solutions of this application with
reference to the accompanying drawings of this applica-
tion. It is clear that the described embodiments are merely
a part rather than all of embodiments of this application.
All other embodiments obtained by a person of ordinary
skill in the art based on embodiments of this application
without creative efforts shall fall within the protection
scope of this application.
[0032] The terms "first", "second", and the like in em-
bodiments of the specification, claims, and accompany-
ing drawings of this application are used only for distin-
guishing, and cannot be understood as indicating or im-
plying relative importance, or as indicating or implying a
sequence. In addition, the terms "include" and "have", as
well as any of their variants, are intended to cover non-
exclusive inclusion, such as, including a series of steps
or units. Methods, systems, products, or devices are not
limited to those steps or units that are clearly listed, but
may include other steps or units that are not clearly listed
or are inherent in these processes, methods, products,
or devices. "Upper", "lower", and the like are used only
with respect to orientations of components in the accom-
panying drawings. These orientation terms are relative
concepts, are used for relative description and clarifica-
tion, and may be correspondingly changed based on
changes in the orientations in which the components are
placed in the accompanying drawings.
[0033] An embodiment of this application provides an
electronic device, and the electronic device includes a
semiconductor device on which a plurality of vertical gate
all around transistors are disposed. The electronic device
may be an electronic product such as a mobile phone, a
tablet computer, a notebook, a vehicle-mounted compu-
ter, a smart watch, or a smart band. This embodiment of
this application sets no special limitation on a specific
form of the electronic device.
[0034] In addition, this application also sets no special
limitation on a specific form of the semiconductor device
on which a plurality of vertical gate all around transistors
are disposed. For example, the semiconductor device
may be a chip, a substrate on which a control circuit is
integrated inside the electronic device, or the like.
[0035] Referring to FIG. 1, the semiconductor device
includes a substrate 01, a first vertical gate all around
transistor 10 and a second vertical gate all around tran-
sistor 20 that are located on the substrate 01. The first
vertical gate all around transistor 10 includes a first sem-
iconductor fin Z1, and the second vertical gate all around
transistor 20 includes a second semiconductor fin Z2. A
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schematic partial diagram of the semiconductor device
shown in FIG. 1 is for schematically showing an entire
channel area of the first vertical gate all around transistor
10, so that a part of a gate connected to the channel area
is omitted.
[0036] As shown in FIG. 1, both the first semiconductor
fin Z1 and the second semiconductor fin Z2 include a
plurality of stacked isolation semiconductor pattern lay-
ers 1 and at least one channel semiconductor pattern
layer 2, and each channel semiconductor pattern layer
2 is sandwiched between two isolation semiconductor
pattern layers 1. FIG. 1 is merely a schematic diagram
for description by using an example in which two isolation
semiconductor pattern layers 1 and one channel semi-
conductor pattern layer 2 are disposed in both the first
semiconductor fin Z1 and the second semiconductor fin
Z2.
[0037] In the semiconductor device, a thickness sum
(that is, a total thickness) of the channel semiconductor
pattern layer 2 in the first semiconductor fin Z1 is different
from a thickness sum (that is, a total thickness) of the
channel semiconductor pattern layer 2 in the second
semiconductor fin Z2. For both the first semiconductor
fin Z1 and the second semiconductor fin Z2 in FIG. 1, a
vertical gate all around transistor of one channel semi-
conductor pattern layer 2 is used, that is, a thickness L1
of the channel semiconductor pattern layer 2 in the first
semiconductor fin Z1 is different from a thickness L2 of
the channel semiconductor pattern layer 2 in the second
semiconductor fin Z2 (L1#L2).
[0038] It may be understood by a person skilled in the
art that, in a vertical gate all around transistor, a channel
semiconductor pattern layer 2 is used as a channel layer
of the transistor, and a thickness thereof is a channel
length. Certainly, a gate insulation layer and a gate layer
(for details, refer to the following) may be successively
disposed on sides around the channel semiconductor
pattern layer 2. Gate lengths (that is, gate lengths) of
transistors with different channel lengths are also neces-
sarily different. That is, in the semiconductor device pro-
vided in this embodiment of this application, a first vertical
gate all around transistor and a second vertical gate all
around transistor have different gate lengths, thereby in-
creasing an application range of the semiconductor de-
vice. For example, a requirement of an analog circuit on
vertical gate all around transistors with different gate
lengths can be met.
[0039] A type of a vertical gate all around transistor
(10, 20) is not limited in this application. The vertical gate
all around transistor may be a nanowire gate all around
transistor (that is, a nanowire FET), or may be a na-
nosheet gate all around transistor (that is, a nanosheet
FET).
[0040] It should be noted that, for the first vertical gate
all around transistor 10 and the second vertical gate all
around transistor 20 that are located in the semiconduc-
tor device, it may be understood that the semiconductor
device includes at least one first vertical gate all around

transistor 10 and at least one second vertical gate all
around transistor 20, for example, 1000 first vertical gate
all around transistors 10 and 2000 second vertical gate
all around transistors 20. For the first vertical gate all
around transistor 10 and the second vertical gate all
around transistor 20 themselves, the first vertical gate all
around transistor 10 and the second vertical gate all
around transistor 20 do not refer to two types of vertical
gate all around transistors with specific gate lengths. The
first vertical gate all around transistor 10 and the second
vertical gate all around transistor 20 refer to only two
types of opposite vertical gate all around transistors
meeting the foregoing specific conditions. For example,
when the semiconductor device includes three vertical
gate all around transistors with different channel lengths
(that is, gate lengths), in the three vertical gate all around
transistors with different channel lengths, any two vertical
gate all around transistors with different channel lengths
may be respectively considered as the first vertical gate
all around transistor 10 and the second vertical gate all
around transistor 20.
[0041] The following further describes specific dispos-
ing manners of the isolation semiconductor pattern layer
1 and the channel semiconductor pattern layer 2 in the
first semiconductor fin Z1 and the second semiconductor
fin Z2 in the semiconductor device in this application.

Disposing manner 1

[0042] In some semiconductor devices, as shown in
FIG. 2, the second semiconductor fin Z2 includes a first
isolation semiconductor pattern layer a1, a first channel
semiconductor pattern layer b1, and a second isolation
semiconductor pattern layer a2 that are successively dis-
posed on the substrate 01. The first isolation semicon-
ductor pattern layer a1 is closer to the substrate 01 rel-
ative to the second isolation semiconductor pattern layer
a2. The first semiconductor fin Z1 includes a third isola-
tion semiconductor pattern layer a3, a second channel
semiconductor pattern layer b2, and a fourth isolation
semiconductor pattern layer a4 that are successively dis-
posed on the substrate 01. The third isolation semicon-
ductor pattern layer a3 is closer to the substrate 01 rel-
ative to the fourth isolation semiconductor pattern layer
a4. A thickness of the first channel semiconductor pattern
layer b1 is different from a thickness of the second chan-
nel semiconductor pattern layer b2, that is, a channel
length of the first vertical gate all around transistor 10 is
different from a channel length of the second vertical gate
all around transistor 20.
[0043] In this disposing manner, in some possible im-
plementations, thicknesses of the third isolation semi-
conductor pattern layer a3 and the first isolation semi-
conductor pattern layer a1 are the same, and semicon-
ductor materials in the third isolation semiconductor pat-
tern layer a3 and the first isolation semiconductor pattern
layer a1 are the same. That is, to simplify a process and
reduce manufacturing costs, in actual manufacturing, the
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third isolation semiconductor pattern layer a3 and the
first isolation semiconductor pattern layer a1 may be pre-
pared by using a same isolation semiconductor layer,
that is, the third isolation semiconductor pattern layer a3
and the first isolation semiconductor pattern layer a1 are
in a same layer and are of same materials.
[0044] In some possible implementations, thicknesses
of the fourth isolation semiconductor pattern layer a4 and
the second isolation semiconductor pattern layer a2 are
the same, and semiconductor materials in the fourth iso-
lation semiconductor pattern layer a4 and the second
isolation semiconductor pattern layer a2 are the same.
That is, to simplify a process and reduce manufacturing
costs, in actual manufacturing, the fourth isolation sem-
iconductor pattern layer a4 and the second isolation sem-
iconductor pattern layer a2 may be prepared by using a
same isolation semiconductor layer, that is, the fourth
isolation semiconductor pattern layer a4 and the second
isolation semiconductor pattern layer a2 are in a same
layer and are of same materials.
[0045] In some possible implementations, semicon-
ductor materials in the first channel semiconductor pat-
tern layer b 1 and the second channel semiconductor
pattern layer b2 are the same. That is, to simplify a proc-
ess and reduce manufacturing costs, in actual manufac-
turing, the first channel semiconductor pattern layer b 1
and the second channel semiconductor pattern layer b2
may be obtained by using a same channel semiconductor
layer, and are prepared in a local etching and thinning
manner. That is, the first channel semiconductor pattern
layer b1 and the second channel semiconductor pattern
layer b2 are in a same layer and are of same materials.

Disposing manner 2

[0046] In some semiconductor devices, as shown in
FIG. 3, the second semiconductor fin Z2 includes a first
isolation semiconductor pattern layer a1, a first channel
semiconductor pattern layer b1, and a second isolation
semiconductor pattern layer a2 that are successively dis-
posed on the substrate 01. The first isolation semicon-
ductor pattern layer a1 is closer to the substrate 01 rel-
ative to the second isolation semiconductor pattern layer
a2. The first semiconductor fin Z1 includes a fifth isolation
semiconductor pattern layer a5, a third channel semicon-
ductor pattern layer b3, a sixth isolation semiconductor
pattern layer a6, a fourth channel semiconductor pattern
layer b4, and a seventh isolation semiconductor pattern
layer a7 that are successively disposed on the substrate
01. The fifth isolation semiconductor pattern layer a5 is
closer to the substrate 01 relative to the seventh isolation
semiconductor pattern layer a7. A thickness of the third
channel semiconductor pattern layer b3 is the same as
a thickness of the first channel semiconductor pattern
layer b1. Then, a thickness sum of the third channel sem-
iconductor pattern layer b3 and the fourth channel sem-
iconductor pattern layer b4 is necessarily greater than
the thickness of the first channel semiconductor pattern

layer b1, that is, channel lengths of the first vertical gate
all around transistor 10 and the second vertical gate all
around transistor 20 are different.
[0047] In this disposing manner, in some possible im-
plementations, thicknesses of the fifth isolation semicon-
ductor pattern layer a5 and the first isolation semicon-
ductor pattern layer a1 are the same, and semiconductor
materials in the fifth isolation semiconductor pattern layer
a5 and the first isolation semiconductor pattern layer a1
are the same. That is, to simplify a process and reduce
manufacturing costs, in actual manufacturing, the fifth
isolation semiconductor pattern layer a5 and the first iso-
lation semiconductor pattern layer a1 may be prepared
by using a same isolation semiconductor layer, that is,
the fifth isolation semiconductor pattern layer a5 and the
first isolation semiconductor pattern layer a1 are in a
same layer and are of same materials.
[0048] In some possible implementations, thicknesses
of the sixth isolation semiconductor pattern layer a6 and
the second isolation semiconductor pattern layer a2 are
the same, and semiconductor materials in the sixth iso-
lation semiconductor pattern layer a6 and the second
isolation semiconductor pattern layer a2 are the same.
That is, to simplify a process and reduce manufacturing
costs, in actual manufacturing, the sixth isolation semi-
conductor pattern layer a6 and the second isolation sem-
iconductor pattern layer a2 may be prepared by using a
same isolation semiconductor layer, that is, the sixth iso-
lation semiconductor pattern layer a6 and the second
isolation semiconductor pattern layer a2 are in a same
layer and are of same materials.
[0049] In some possible implementations, the first
channel semiconductor pattern layer b1 and the third
channel semiconductor pattern layer b3 have same thick-
nesses, and further use same semiconductor materials.
That is, to simplify a process and reduce manufacturing
costs, in actual manufacturing, the first channel semicon-
ductor pattern layer b1 and the third channel semicon-
ductor pattern layer b3 may be prepared by using a same
semiconductor layer. That is, the first channel semicon-
ductor pattern layer b 1 and the third channel semicon-
ductor pattern layer b3 are in a same layer and are of
same materials.
[0050] It should be noted herein that "in a same layer
and of same materials" in this application means that two
(or more than two) pattern layers may be manufactured
by using a same thin film, but the two pattern layers are
not absolutely at a same height position. It may be un-
derstood that, different pattern layers may be disposed
below a same thin film layer, so that the thin film itself is
not entirely at a same height position, and therefore, a
plurality of pattern layers formed by using the same thin
film are not necessarily at a same height position. For
example, the fourth isolation semiconductor pattern layer
a4 and the second isolation semiconductor pattern layer
a2 in FIG. 2 may be prepared by using a same isolation
semiconductor layer, but are not located at a same height
position.

11 12 



EP 4 156 300 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0051] In addition, a person skilled in the art may un-
derstand that, as shown in FIG. 1, a vertical gate all
around transistor (for example, 10 or 20) includes a sem-
iconductor fin (for example, Z1 or Z2), and further in-
cludes another component, such as a source (source,
S), a drain (drain, D), a gate (gate, G), and a well (well, W).
[0052] Schematically, referring to FIG. 1, in some pos-
sible implementations, in the first semiconductor fin Z1
and the second semiconductor fin Z2, gate spacers 200
are disposed on sides around isolation semiconductor
pattern layers 1 on two sides of each channel semicon-
ductor pattern layer 2, and a gate insulation layer 401
and a gate layer 402 are successively disposed on sides
around the channel semiconductor pattern layer 1 and
between two gate spacers 200. For specific schematic
structures of the gate spacer 200, the gate insulation lay-
er 401, and the gate layer 402 in FIG. 2 and FIG. 3, refer
to FIG. 13 and FIG. 23, which are not shown herein.
[0053] A person skilled in the art may understand that,
for manufacturing of the semiconductor device, a man-
ufacturing process of the semiconductor device may gen-
erally include a front end of line (front end of line, FEOL)
and a back end of line (back end of line, BEOL) for inter-
connection after the front end of line.
[0054] As shown in FIG. 4, an embodiment of this ap-
plication provides a front end of line for manufacturing a
semiconductor device, including:
Step 1: Form an initial stacked semiconductor structure
P1 on a substrate 01, where the initial stacked semicon-
ductor structure P1 includes at least one isolation semi-
conductor layer and at least one channel semiconductor
layer that are formed alternately on the substrate.
[0055] For example, for the initial stacked semiconduc-
tor structure P1, refer to FIG. 6 and FIG. 16.
[0056] For specific disposing manners of the isolation
semiconductor layer and the channel semiconductor lay-
er in the initial stacked semiconductor structure P1, refer
to subsequent Embodiment 1 and Embodiment 2.
[0057] Step 2: Perform etching on the initial stacked
semiconductor structure P1 to form an intermediate
stacked semiconductor structure P2, where the interme-
diate stacked semiconductor structure P2 includes an
effective channel semiconductor layer C, and the effec-
tive channel semiconductor layer C is located between
two isolation semiconductor layers; the effective channel
semiconductor layer has a first thickness in a first area
s1 and a second thickness in a second area s2; and the
first thickness is different from the second thickness, and
the first area s1 and the second area s2 are different
areas.
[0058] For example, for etching on the initial stacked
semiconductor structure P1, refer to FIG. 7 and FIG. 17.
For the formed intermediate stacked semiconductor
structure, refer to FIG. 8 and FIG. 18. For specific dis-
posing manners of the effective channel semiconductor
layer C, refer to subsequent Embodiment 1 and Embod-
iment 2.
[0059] Step 3: Perform etching on the intermediate

stacked semiconductor structure P2 to form a first sem-
iconductor fin structure F1 in the first area s1, and a sec-
ond semiconductor fin structure F2 in the second area s2.
[0060] For example, for etching on the intermediate
stacked semiconductor structure P2 to form F1 and F2,
refer to FIG. 9 and FIG. 19.
[0061] Step 4: Perform partially etching on isolation
semiconductor layers in the first semiconductor fin struc-
ture F1 and the second semiconductor fin structure F2
to form a side wall groove 100, and fill the side wall groove
100 with an insulation medium material to form a gate
spacer 200.
[0062] For example, for the side wall groove 100, refer
to FIG. 10 and FIG. 20, and for the gate spacer 200, refer
to FIG. 11 and FIG. 21.
[0063] Step 5: Perform etching on the channel semi-
conductor layer between two gate spacers 200 to form
a channel groove 300, and form a gate insulation layer
401 and a gate layer 402 that are successively disposed
in the channel groove 300.
[0064] For example, for the channel groove 300, refer
to FIG. 12 and FIG. 2, and for the gate insulation layer
401 and the gate layer 402 that are successively dis-
posed, refer to FIG. 13 and FIG. 23.
[0065] The following specifically describes step 1, step
2, step 3, step 4, and step 5 in the foregoing front end of
line by using specific embodiments.

Embodiment 1

[0066] As shown in FIG. 5, this embodiment provides
a front end of line for forming a plurality of vertical gate
all around transistors in a semiconductor device, and the
front end of line includes:
Step 101 (that is, step 1): As shown in FIG. 6, succes-
sively form a first isolation semiconductor layer A1 and
a first channel semiconductor layer B1 on a substrate 01
to obtain an initial stacked semiconductor structure P1.
[0067] Schematically, referring to FIG. 6, in some pos-
sible implementations, the substrate 01 (also referred to
as a substrate baseplate) may use a silicon (Si) substrate
(also referred to as a silicon baseplate); and first form a
SiGe layer (that is, the first isolation semiconductor layer
A1) on the Si substrate (01), and then form a Si layer
(that is, the first channel semiconductor layer B1) on the
SiGe layer, so as to form the initial stacked semiconduc-
tor structure P1.
[0068] Certainly, referring to FIG. 6, in practice, before
the initial stacked semiconductor structure P1 is formed,
wells W that are independently disposed may be sepa-
rately formed in an ion implantation manner at positions
corresponding to a plurality of to-be-formed vertical gate
all around transistors (10, 20) on the Si substrate.
[0069] It may be understood that, for different types of
vertical gate all around transistors, different types of ions
may be used for implantation to form corresponding types
of wells. For example, at a position corresponding to a
to-be-formed N-type vertical gate all around transistor, a
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P-type well is formed by using boron (B) ion implantation.
At a position corresponding to a to-be-formed P-type ver-
tical gate all around transistor, an N-type well is formed
by using phosphorus or arsenic (P or As) ion implantation.
[0070] Step 102 (that is, step 2): As shown in FIG. 6,
FIG. 7, and FIG. 8, perform etching and thinning on the
first channel semiconductor layer B 1 located in a second
area s2 to form an effective channel semiconductor pat-
tern layer C, and successively form a second isolation
semiconductor layer A2 and a top-layer epitaxial isolation
semiconductor layer T on the effective channel semicon-
ductor pattern layer C to obtain an intermediate stacked
semiconductor structure P2 (refer to FIG. 8). The effec-
tive channel semiconductor pattern layer C is located be-
tween the first isolation semiconductor layer A1 and the
second isolation semiconductor layer A2. The effective
channel semiconductor pattern layer C has a first thick-
ness in a first area s1, and a second thickness in the
second area s2, and the first thickness is different from
the second thickness.
[0071] Referring to FIG. 7, it may be understood that
the effective channel semiconductor pattern layer C is
obtained after the second area s2 of the first channel
semiconductor layer B 1 is etched and thinned, that is,
the first thickness of the effective channel semiconductor
pattern layer C in the first area s 1 is greater than the
second thickness of the effective channel semiconductor
pattern layer C in the second area s2. Therefore, channel
lengths of vertical gate all around transistors subsequent-
ly formed by the effective channel semiconductor pattern
layer C in the first area s1 and the second area s2 are
different (for details, refer to subsequent related descrip-
tions).
[0072] Schematically, the foregoing process of per-
forming etching and thinning on the first channel semi-
conductor layer B 1 located in the second area s2 to form
the effective channel semiconductor pattern layer C may
include: first coating an upper surface of the first channel
semiconductor layer B 1 with a photoresist (photoresist,
PR), and then completing a patterning process by suc-
cessively using processes such as exposure, develop-
ment, and etching, so as to thin the second area s2 of
the first channel semiconductor layer B1 to form an ef-
fective channel semiconductor pattern layer C (refer to
FIG. 7) having areas (s1, s2) with different thicknesses.
[0073] Certainly, FIG. 7 is merely an example in which
the effective channel semiconductor pattern layer C has
two areas with different thicknesses for description. In
practice, the photoresist may be coated for a plurality of
times, and processes such as exposure, development,
and etching are successively performed to complete a
patterning process, so as to form an effective channel
semiconductor pattern layer C having three or more ar-
eas with different thicknesses. This application sets no
specific limitation thereto. In practice, disposing may be
selected based on a requirement. The following embod-
iments are described by using an example in which an
effective channel semiconductor pattern layer C has two

areas with different thicknesses.
[0074] In addition, to ensure planarity of an upper sur-
face of the top-layer epitaxial isolation semiconductor lay-
er T (that is, a surface on a side that faces away from the
substrate 01), to facilitate manufacturing of another film
layer at the top-layer epitaxial isolation semiconductor
layer T subsequently, in some possible implementations,
after the intermediate stacked semiconductor structure
P2 is obtained, planarization processing may be per-
formed on the upper surface of the top-layer epitaxial
isolation semiconductor layer T. For example, polishing
processing may be performed on the upper surface of
the top-layer epitaxial isolation semiconductor layer T by
using chemical mechanical polishing (chemical mechan-
ical polishing, CMP), so as to ensure flatness of the upper
surface of the top-layer epitaxial isolation semiconductor
layer T.
[0075] Step 103 (that is, step 3): Referring to FIG. 8
and FIG. 9, perform etching on the intermediate stacked
semiconductor structure P2 to form a first stacked sem-
iconductor fin structure F1 in the first area s1, and a sec-
ond stacked semiconductor fin structure F2 in the second
area s2.
[0076] Schematically, performing etching on the inter-
mediate stacked semiconductor structure P2 may in-
clude: first coating an upper surface of the intermediate
stacked semiconductor structure P2 with a photoresist,
and then completing a patterning process by successive-
ly using processes such as exposure, development, etch-
ing, and peeling to form a plurality of independently dis-
posed stacked semiconductor fin structures (F1, F2).
[0077] It should be noted that, in the plurality of inde-
pendently disposed stacked semiconductor fin structures
(F1, F2) formed in step 103, a part located in the effective
channel semiconductor pattern layer C is used as a chan-
nel part of a to-be-formed vertical gate all around tran-
sistor. In this case, it may be understood that different
channel lengths cl of a plurality of to-be-formed vertical
gate all around transistors are determined by thicknesses
of different areas of the effective channel semiconductor
pattern layer C (that is, control and adjustment are per-
formed in step 102). For widths cw of channel parts of
the plurality of to-be-formed vertical gate all around tran-
sistors, a mask pattern of a mask plate used in an expo-
sure process may be disposed in a process of performing
patterning on the intermediate stacked semiconductor
structure P2, so as to separately control the width cw, a
shape, and the like of the channel part of each vertical
gate all around transistor (that is, control and adjustment
are performed in step 103).
[0078] That is, based on the manufacturing method in
this application, lengths cl and widths cw of the channel
parts of the plurality of vertical gate all around transistors
can be separately controlled and adjusted by using one
process based on an actual requirement. In addition,
shapes of the channel parts of the plurality of vertical
gate all around transistors may also be disposed based
on an actual requirement, for example, may be cylindrical

15 16 



EP 4 156 300 A1

10

5

10

15

20

25

30

35

40

45

50

55

shapes or cube shapes. Therefore, a channel design de-
gree of freedom of the vertical gate all around transistor
is increased.
[0079] Step 104 (that is, step 4): Referring to FIG. 9
and FIG. 10, in the first stacked semiconductor fin struc-
ture F1 and the second stacked semiconductor fin struc-
ture F2, perform partial etching on isolation semiconduc-
tor layers (A1, A2) located on two sides of the effective
channel semiconductor pattern layer C to form a side
wall groove 100, and fill the side wall groove 100 with an
insulation medium material to form a gate spacer 200
(refer to FIG. 10 and FIG. 11).
[0080] Schematically, the insulation medium material
used by the gate spacer 200 formed in the side wall
groove 100 may be one or more of silicon nitride, silicon
oxide, or silicon oxynitride.
[0081] It should be noted that, referring to FIG. 10 and
FIG. 11, when the side wall groove 100 located between
the effective channel semiconductor pattern layer C and
the substrate 01 is filled with the insulation medium ma-
terial, all areas on the substrate 01 except an area for
disposing the stacked semiconductor fin structure (F1,
F2) may be directly covered with the insulation medium
material. Certainly, this is not limited thereto. Alternative-
ly, only the side wall groove 100 may be filled with the
insulation medium material, and in a subsequent manu-
facturing process, an insulation layer is separately man-
ufactured as required in areas on the substrate 01 except
the area for disposing the stacked semiconductor fin
structure (F1, F2).
[0082] Step 105 (that is, step 5): Referring to FIG. 11
and FIG. 12, perform etching on the effective channel
semiconductor pattern layer C located between two gate
spacers 200 to form a channel groove 300, and form a
gate insulation layer 401 and a gate layer 402 (refer to
FIG. 12 and FIG. 13) that are successively disposed in
the channel groove 300.
[0083] In some possible implementations, to improve
performance of a prepared vertical gate all around tran-
sistor, reduce a gate leakage quantity, and reduce gate
capacitance and a key size of the vertical gate all around
transistor, in step 105, forming the gate insulation layer
401 and the gate layer 402 that are successively dis-
posed in the channel groove 300 may include:
forming, by using an HKMG process (high-k metal gate,
that is, a high-k insulation layer + a metal gate process),
a high dielectric constant insulation layer (401) and a
metal gate layer (402) that are successively disposed in
the channel groove 300, so as to complete a front end
of line of the plurality of vertical gate all around transistors.
[0084] It may be understood that, when the HKMG
process is used to form the high dielectric constant insu-
lation layer (401) and the metal gate layer (402) by using
an etching process, an anisotropic etching process may
be used, and etching is performed only in a longitudinal
direction without lateral etching, so that manufacturing
of the high dielectric constant insulation layer (401) and
the metal gate layer (402) can be completed under pro-

tection of gate spacers 200 on both sides.
[0085] Certainly, after the front end of line of the plu-
rality of vertical gate all around transistors is completed,
a back end of line needs to be interconnected and wired.
This application sets no limitation on a specific manufac-
turing procedure of the back end of line. In practice, a
manufacturing flow of the back end of line may be se-
lected as required.
[0086] Schematically, referring to FIG. 13 and FIG. 14,
in some possible implementations, a gate connection
part 403 connected to the gate layer 402 may be first
manufactured by using tungsten (W), then an inter layer
dielectric (inter layer dielectric, ILD) is deposited, and
through holes are formed and filled with metal (for exam-
ple, tungsten) at positions, on the inter layer dielectric
ILD by using an etching process, corresponding to a
source S, a drain D, and a gate G of each vertical gate
all around transistor, to complete manufacturing of the
source S, the drain D, and the gate G.

Embodiment 2

[0087] As shown in FIG. 15, this embodiment provides
an FEOL for forming a plurality of vertical gate all around
transistors in a semiconductor device, and the front end
of line includes:
Step 201 (that is, step 1): As shown in FIG. 16, succes-
sively form a first isolation semiconductor layer A1, a first
channel semiconductor layer B1, a second isolation sem-
iconductor layer A2, a second channel semiconductor
layer B2, a third isolation semiconductor layer A3, and a
first epitaxial isolation semiconductor layer T’ on a sub-
strate 01, so as to obtain an initial stacked semiconductor
structure P1.
[0088] Schematically, referring to FIG. 16, in some
possible implementations, the substrate 01 (also referred
to as a substrate baseplate) may use a silicon (Si) sub-
strate. A SiGe layer (that is, A1), a Si layer (that is, B1),
a SiGe layer (that is, A2), a Si layer (that is, B2), a SiGe
layer (that is, A3), and a Si layer (that is, T’) are succes-
sively formed on the Si substrate (01), so as to form the
initial stacked semiconductor structure P1.
[0089] Certainly, referring to FIG. 16, in practice, be-
fore the initial stacked semiconductor structure P1 is
formed, wells W that are independently disposed may be
separately formed in an ion implantation manner at po-
sitions corresponding to a plurality of to-be-formed ver-
tical gate all around transistors on the Si substrate.
[0090] Step 202 (that is, step 2): Referring to FIG. 16
and FIG. 17, perform etching on the initial stacked sem-
iconductor structure P1, and remove at least a film layer
that is in a second area s2 and that is located above the
second channel semiconductor layer B2, to obtain an
etched initial stacked semiconductor structure P1’; and
form a top-layer epitaxial isolation semiconductor layer
T on an upper surface of the etched initial stacked sem-
iconductor structure P 1’ to obtain an intermediate
stacked semiconductor structure P2 (refer to FIG. 18).
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[0091] Referring to FIG. 17, the etched initial stacked
semiconductor structure P1’ includes an effective chan-
nel semiconductor layer C, the effective channel semi-
conductor layer C includes, in the second area s2, one
first channel semiconductor layer B1 sandwiched be-
tween the first isolation semiconductor layer A1 and the
second isolation semiconductor layer A2, and the effec-
tive channel semiconductor layer C includes, in a first
area s1, both the first channel semiconductor layer B1
sandwiched between the first isolation semiconductor
layer A1 and the second isolation semiconductor layer
A2, and the second channel semiconductor layer B2
sandwiched between the second isolation semiconduc-
tor layer A2 and the third isolation semiconductor layer
A3. That is, a thickness of the effective channel semicon-
ductor layer C in the first area s1 is a thickness sum of
the first channel semiconductor layer B1 and the second
channel semiconductor layer B2, and a thickness of the
effective channel semiconductor layer C in the second
area s2 is a thickness of the first channel semiconductor
layer B1.
[0092] Schematically, performing etching on the initial
stacked semiconductor structure P1 may include: first
coating an upper surface of the first epitaxial isolation
semiconductor layer T’ with a photoresist (photoresist,
PR), and then completing a patterning process of the
initial stacked semiconductor structure P1 by succes-
sively using processes such as exposure, development,
and etching, so as to form an effective channel semicon-
ductor pattern layer C with different thicknesses in the
first area s1 and the second area s2 (refer to FIG. 17).
[0093] It should be noted that, the foregoing "removing
at least a film layer that is in a specified area and that is
located above the second channel semiconductor layer
B2" means that only the film layer that is in the second
area s2 and that is located above the second channel
semiconductor layer B2 may be removed, and the sec-
ond channel semiconductor layer B2 is not etched; or a
part of the second channel semiconductor layer B2 lo-
cated in the second area s2 may be thinned while the
film layer that is in the second area s2 and that is located
above the second channel semiconductor layer B2 is re-
moved.
[0094] It may be understood that, the manufacturing
manner in which the part of the second channel semi-
conductor layer B2 located in the second area s2 is
etched and thinned may be performed by using a man-
ufacturing process with relatively low etching accuracy
in a manufacturing procedure, thereby reducing a re-
quirement on the manufacturing process.
[0095] In addition, to ensure planarity of an upper sur-
face of the top-layer epitaxial isolation semiconductor lay-
er T (that is, a surface on a side that faces away from the
substrate 01), to facilitate manufacturing of another film
layer at the top-layer epitaxial isolation semiconductor
layer T subsequently, in some possible implementations,
after the intermediate stacked semiconductor structure
P2 is obtained, planarization processing may be per-

formed on the upper surface of the top-layer epitaxial
isolation semiconductor layer T. For example, polishing
processing may be performed on the upper surface of
the top-layer epitaxial isolation semiconductor layer T by
using chemical mechanical polishing (chemical mechan-
ical polishing, CMP) (refer to FIG. 18).
[0096] Step 203 (that is, step 3): Referring to FIG. 18
and FIG. 19, perform etching on the intermediate stacked
semiconductor structure P2 to form a first stacked sem-
iconductor fin structure F1 in the first area s1, and a sec-
ond stacked semiconductor fin structure F2 in the second
area s2.
[0097] Schematically, performing etching on the inter-
mediate stacked semiconductor structure P2 may in-
clude: first coating an upper surface of the intermediate
stacked semiconductor structure P2 with a photoresist,
and then completing a patterning process by successive-
ly using processes such as exposure, development, etch-
ing, and peeling to form a plurality of independently dis-
posed stacked semiconductor fin structures (F1, F2).
[0098] Based on the manufacturing method in this ap-
plication, lengths and widths of channel parts of a plurality
of vertical gate all around transistors can be separately
controlled and adjusted by using one process based on
an actual requirement. In addition, shapes of the channel
parts of the plurality of vertical gate all around transistors
may also be disposed based on an actual requirement,
for example, may be cylindrical shapes or cube shapes.
[0099] Referring to FIG. 19, different channel lengths
cl of a plurality of to-be-formed vertical gate all around
transistors are determined by a thickness of the foregoing
effective channel semiconductor pattern layer C (that is,
control and adjustment are performed in step 201 with
reference to step 202). Schematically, a length cl of a
channel part of a vertical gate all around transistor formed
by the stacked semiconductor fin structure F2 is a thick-
ness of the first channel semiconductor layer B 1 formed
in step 201, and a length cl of a channel part of a vertical
gate all around transistor formed by the stacked semi-
conductor fin structure F1 is a total thickness of the first
channel semiconductor layer B1 and the second channel
semiconductor layer B2 that are formed in step 201.
[0100] For widths of channel parts of the plurality of to-
be-formed vertical gate all around transistors, a mask
pattern of a mask plate used in an exposure process may
be disposed in a process of performing patterning on the
intermediate stacked semiconductor structure P2, so as
to separately control a width, a shape, and the like of the
channel part of each vertical gate all around transistor.
That is, a channel design degree of freedom of the vertical
gate all around transistor is increased.
[0101] Step 204 (that is, step 4): Referring to FIG. 19
and FIG. 20, in the first stacked semiconductor fin struc-
ture F1 and the second stacked semiconductor fin struc-
ture F2, perform partial etching on isolation semiconduc-
tor layers on two sides of a channel semiconductor layer
(B 1, B2) located in an effective channel semiconductor
pattern layer to form a side wall groove 100, and fill the
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side wall groove 100 with an insulation medium material
to form a gate spacer 200 (refer to FIG. 21).
[0102] Schematically, the insulation medium material
used by the gate spacer 200 formed in the side wall
groove 100 may be one or more of silicon nitride, silicon
oxide, or silicon oxynitride.
[0103] It should be noted that when the side wall groove
100 is filled with the insulation medium material to form
the gate spacer 200, areas on the substrate 0 1 except
an area for disposing the stacked semiconductor fin
structure (F1, F2) are covered with the insulation medium
material. Certainly, this is not limited thereto. Alternative-
ly, only an annular side wall groove 100 may be filled with
the insulation medium material, and in a subsequent
manufacturing process, an insulation layer is separately
manufactured as required in areas on the substrate 01
except the area for disposing the stacked semiconductor
fin structure (F1, F2).
[0104] Step 205 (that is, step 5): Referring to FIG. 21
and FIG. 22, perform etching on the channel semicon-
ductor layer (B1, B2) located between two annular gate
spacers 200 to form an annular channel groove 300, and
form a gate insulation layer 401 and a gate layer 402 that
are successively disposed in the annular channel groove
300 (refer to FIG. 22 and FIG. 23).
[0105] In some possible implementations, to improve
performance of a prepared vertical gate all around tran-
sistor, reduce a gate leakage quantity, and reduce gate
capacitance and a key size of the vertical gate all around
transistor, in step 205, forming the gate insulation layer
401 and the gate layer 402 that are successively dis-
posed in the annular channel groove 300 may include:
forming, by using an HKMG process (high-k metal gate,
that is, a high-k insulation layer + a metal gate process),
the high dielectric constant insulation layer (401) and the
metal gate layer (402) that are successively disposed in
the annular channel groove 300, so as to complete man-
ufacturing of the front end of line of the plurality of vertical
gate all around transistors.
[0106] Certainly, after the FEOL of the plurality of ver-
tical gate all around transistors is completed, a BEOL is
required for interconnection and wiring process. This ap-
plication sets no limitation on a specific manufacturing
procedure of the back end of line. In practice, a manu-
facturing flow of the BEOL may be set as required.
[0107] Schematically, referring to FIG. 23 and FIG. 24,
in some possible implementations, a gate connection
part 403 connected to the gate layer 402 may be first
manufactured by using tungsten (W), then an inter layer
dielectric ILD is deposited, and through holes are formed
and filled with metal (for example, tungsten) at positions,
on the inter layer dielectric ILD by using an etching proc-
ess, corresponding to a source S, a drain D, and a gate
G of each vertical gate all around transistor, to complete
manufacturing of the source S, the drain D, and the gate
G.
[0108] It should be noted that the foregoing Embodi-
ment 1 and Embodiment 2 are merely two types of FEOLs

for forming a plurality of vertical gate all around transistors
schematically given in this application. However, this ap-
plication is not limited thereto, and any adjustment or
change based on Embodiment 1 and Embodiment 2 shall
fall within the protection scope of this application.
[0109] For example, compared with Embodiment 2
where two channel semiconductor layers (B1, B2) are
manufactured in step 201, and a vertical gate all around
transistor with two channel lengths (one is a thickness of
the first channel semiconductor layer, and the other is a
thickness sum of the first channel semiconductor layer
and the second channel semiconductor layer) can be fi-
nally obtained, in some other possible implementations,
three channel semiconductor layers (upper, middle, and
lower) may be manufactured, and then a vertical gate all
around transistor with three channel lengths may be ob-
tained, that is, a channel length of the vertical gate all
around transistor is a thickness of a lower-layer channel
semiconductor layer, a channel length of the vertical gate
all around transistor is a thickness sum of the lower-layer
channel semiconductor layer and a middle-layer channel
semiconductor layer, and another channel length of the
vertical gate all around transistor is a thickness sum of
the three channel semiconductor layers. For a related
manufacturing procedure, refer to related descriptions in
Embodiment 2. Details are not described herein again.
[0110] For another example, in some possible imple-
mentations, two channel semiconductor layers may be
manufactured, and only an upper-layer channel semi-
conductor layer is etched in the manner in step 102 in
Embodiment 1, that is, the upper-layer channel semicon-
ductor layer is etched into an area with different thick-
nesses. In this case, thickness sums of an upper-layer
channel semiconductor layer after patterned in areas with
different thicknesses and a lower-layer channel semicon-
ductor layer are respectively used as a channel length
of each vertical gate all around transistor. For a related
manufacturing procedure, refer to related descriptions in
Embodiment 1 and Embodiment 2. Details are not de-
scribed herein again.
[0111] In conclusion, by using the manufacturing meth-
od provided in this embodiment of this application, an
effective channel semiconductor pattern layer having ar-
eas with different thicknesses can be manufactured
through etching, and areas with different thicknesses of
the effective channel semiconductor pattern layer are
used as channel length areas of a vertical gate all around
transistor subsequently. In addition, in a manufacturing
procedure, a channel shape (for example, a cylindrical
shape or a cube shape) of a vertical gate all around tran-
sistor can be further controlled based on an actual re-
quirement through etching. That is, by using the manu-
facturing method in this application, at least two vertical
gate all around transistors with different channel lengths
(gate lengths) can be simultaneously manufactured by
using one process, that is, a channel design degree of
freedom of the vertical gate all around transistor is in-
creased, and a long channel gate all around transistor
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and a short channel gate all around transistor can be
simultaneously formed, thereby increasing an applica-
tion range of the semiconductor device.
[0112] In addition, it should be noted that all the fore-
going embodiments are described by using an example
in which an isolation semiconductor layer (for example,
A1, A2, and A3) uses SiGe, and a channel semiconductor
layer (for example, B1 and B2) and an epitaxial semicon-
ductor layer (for example, T’ and T) use Si. However, this
application is not limited thereto, and a semiconductor
material used by each semiconductor layer may be ad-
justed based on an actual requirement. It is only neces-
sary to ensure that semiconductor materials used by ad-
jacent semiconductor layers are different. For example,
in some possible implementations, all isolation semicon-
ductor layers (for example, A1, A2, and A3) may use Si,
and all channel semiconductor layers (for example, B1
and B2) and epitaxial semiconductor layers (for example,
T’ and T) may use SiGe (components of Si and Ge may
be adjusted based on a requirement). Certainly, epitaxial
semiconductor layers (such as T’ and T) disposed adja-
cent to each other may use a same semiconductor ma-
terial.
[0113] In addition, for a related disposing structure in
the foregoing semiconductor device embodiment, refer
to the foregoing semiconductor device manufacturing
method. For other related content in the foregoing sem-
iconductor device manufacturing method, refer to a cor-
responding part in the foregoing semiconductor device
embodiment. Details are not described herein again.
[0114] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any var-
iation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of
this application. Therefore, the protection scope of this
application shall be subject to the protection scope of the
claims.

Claims

1. A semiconductor device, comprising: a substrate
and a first semiconductor fin and a second semicon-
ductor fin that are located on the substrate, wherein

the first semiconductor fin comprises a plurality
of stacked isolation semiconductor pattern lay-
ers and at least one channel semiconductor pat-
tern layer, and each channel semiconductor pat-
tern layer is sandwiched between two isolation
semiconductor pattern layers;
the second semiconductor fin comprises a first
isolation semiconductor pattern layer, a first
channel semiconductor layer, and a second iso-
lation semiconductor pattern layer that are suc-
cessively stacked; and

a total thickness of all channel semiconductor
pattern layers in the first semiconductor fin is
different from a thickness of the first channel
semiconductor pattern layer.

2. The semiconductor device according to claim 1,
wherein
semiconductor materials in a channel semiconduc-
tor pattern layer closest to the substrate in the first
semiconductor fin and the first channel semiconduc-
tor pattern layer are the same.

3. The semiconductor device according to claim 1 or
2, wherein

the first semiconductor fin comprises a third iso-
lation semiconductor pattern layer, a second
channel semiconductor pattern layer, and a
fourth isolation semiconductor pattern layer that
are successively disposed on the substrate; and
a thickness of the second channel semiconduc-
tor pattern layer is different from the thickness
of the first channel semiconductor pattern layer.

4. The semiconductor device according to claim 3,
wherein

the third isolation semiconductor pattern layer
is closer to the substrate relative to the fourth
isolation semiconductor pattern layer;
the first isolation semiconductor pattern layer is
closer to the substrate relative to the second iso-
lation semiconductor pattern layer;
thicknesses of the third isolation semiconductor
pattern layer and the first isolation semiconduc-
tor pattern layer are the same, and semiconduc-
tor materials in the third isolation semiconductor
pattern layer and the first isolation semiconduc-
tor pattern layer are the same; and
thicknesses of the fourth isolation semiconduc-
tor pattern layer and the second isolation sem-
iconductor pattern layer are the same, and sem-
iconductor materials in the fourth isolation sem-
iconductor pattern layer and the second isola-
tion semiconductor pattern layer are the same.

5. The semiconductor device according to claim 1 or
2, wherein

the first semiconductor fin comprises a fifth iso-
lation semiconductor pattern layer, a third chan-
nel semiconductor pattern layer, a sixth isolation
semiconductor pattern layer, a fourth channel
semiconductor pattern layer, and a seventh iso-
lation semiconductor pattern layer that are suc-
cessively disposed on the substrate; and
a thickness of the third channel semiconductor
pattern layer is the same as the thickness of the
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first channel semiconductor pattern layer.

6. The semiconductor device according to claim 5,
wherein

the fifth isolation semiconductor pattern layer is
closer to the substrate relative to the sixth iso-
lation semiconductor pattern layer;
the first isolation semiconductor pattern layer is
closer to the substrate relative to the second iso-
lation semiconductor pattern layer;
thicknesses of the fifth isolation semiconductor
pattern layer and the first isolation semiconduc-
tor pattern layer are the same, and semiconduc-
tor materials in the fifth isolation semiconductor
pattern layer and the first isolation semiconduc-
tor pattern layer are the same; and
thicknesses of the sixth isolation semiconductor
pattern layer and the second isolation semicon-
ductor pattern layer are the same, and semicon-
ductor materials in the sixth isolation semicon-
ductor pattern layer and the second isolation
semiconductor pattern layer are the same.

7. The semiconductor device according to any one of
claims 1 to 6, wherein

in the first semiconductor fin, gate spacers are
disposed on sides around isolation semiconduc-
tor pattern layers on both sides of each channel
semiconductor pattern layer, and a gate insula-
tion layer and a gate layer are successively dis-
posed on sides around the channel semicon-
ductor pattern layer and between two gate spac-
ers; and
in the second semiconductor fin, gate spacers
are disposed on sides around the first isolation
semiconductor pattern layer and the second iso-
lation semiconductor pattern layer, and a gate
insulation layer and a gate layer are successive-
ly disposed on sides around the first channel
semiconductor layer and between two gate
spacers.

8. A manufacturing method for a semiconductor de-
vice, comprising:

forming an initial stacked semiconductor struc-
ture on a substrate, wherein the initial stacked
semiconductor structure comprises at least one
isolation semiconductor layer and at least one
channel semiconductor layer that are formed al-
ternately on the substrate;
etching the initial stacked semiconductor struc-
ture to form an intermediate stacked semicon-
ductor structure, wherein the intermediate
stacked semiconductor structure comprises an
effective channel semiconductor layer, the ef-

fective channel semiconductor layer is located
between two isolation semiconductor layers, the
effective channel semiconductor layer has a first
thickness in a first area and a second thickness
in a second area, the first thickness is different
from the second thickness, and the first area and
the second area are different areas; and
etching the intermediate stacked semiconductor
structure to form a first semiconductor fin struc-
ture in the first area and a second semiconductor
fin structure in the second area.

9. The manufacturing method for a semiconductor de-
vice according to claim 7, wherein

a top-layer epitaxial isolation semiconductor lay-
er is disposed at an uppermost layer of the in-
termediate stacked semiconductor structure;
and
before the etching the intermediate stacked
semiconductor structure, the manufacturing
method for a semiconductor device further com-
prises:
performing planarization processing on an up-
per surface of the top-layer epitaxial isolation
semiconductor layer.

10. The manufacturing method for a semiconductor de-
vice according to claim 8 or 9, wherein

the forming an initial stacked semiconductor
structure on a substrate comprises:
successively forming a first isolation semicon-
ductor layer and a first channel semiconductor
layer on the substrate to obtain the initial stacked
semiconductor structure; and
the etching the initial stacked semiconductor
structure to form an intermediate stacked sem-
iconductor structure comprises:

etching and thinning the first channel sem-
iconductor layer located in the second area
to form the effective channel semiconductor
layer; and
successively forming a second isolation
semiconductor layer and a top-layer epitax-
ial isolation semiconductor layer at the ef-
fective channel semiconductor layer, so as
to obtain the intermediate stacked semicon-
ductor structure.

11. The manufacturing method for a semiconductor de-
vice according to claim 8 or 9, wherein

the forming an initial stacked semiconductor
structure on a substrate comprises:
successively forming a first isolation semicon-
ductor layer, a first channel semiconductor lay-
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er, a second isolation semiconductor layer, a
second channel semiconductor layer, a third iso-
lation semiconductor layer, and a first epitaxial
isolation semiconductor layer on the substrate
to obtain the initial stacked semiconductor struc-
ture; and
the etching the initial stacked semiconductor
structure to form an intermediate stacked sem-
iconductor structure comprises:

etching the initial stacked semiconductor
structure, and removing at least a film layer
that is in the second area and that is located
above the second channel semiconductor
layer, to obtain an etched initial stacked
semiconductor structure, wherein the
etched initial stacked semiconductor struc-
ture comprises the effective channel semi-
conductor layer, and the effective channel
semiconductor layer comprises one chan-
nel semiconductor layer in the second area,
and comprises two channel semiconductor
layers in the first area; and
forming a top-layer epitaxial isolation sem-
iconductor layer on an upper surface of the
etched initial stacked semiconductor struc-
ture, to obtain the intermediate stacked
semiconductor structure.

12. The manufacturing method for a semiconductor de-
vice according to claim 11, wherein
the removing at least a film layer that is in the second
area and that is located above the second channel
semiconductor layer comprises:
removing the film layer that is in the second area and
that is located above the second channel semicon-
ductor layer, and reducing a thickness of the second
channel semiconductor layer in the second area.

13. The manufacturing method for a semiconductor de-
vice according to any one of claims 8 to 12, wherein
after the etching the intermediate stacked semicon-
ductor structure to form a first semiconductor fin
structure in the first area and a second semiconduc-
tor fin structure in the second area, the method fur-
ther comprises:

partially etching an isolation semiconductor lay-
er in each of the first semiconductor fin structure
and the second semiconductor fin structure to
form a side wall groove, and filling the side wall
groove with an insulation medium material to
form a gate spacer; and
etching a channel semiconductor layer between
two gate spacers to form a channel groove, and
forming a gate insulation layer and a gate layer
that are successively disposed in the channel
groove.

14. The manufacturing method for a semiconductor de-
vice according to claim 13, wherein
the forming a gate insulation layer and a gate layer
that are successively disposed in the channel groove
comprises:
forming, by using an HKMG process, a high dielectric
constant insulation layer and a metal gate layer that
are successively disposed in the channel groove.

15. An electronic device, comprising the semiconductor
device according to any one of claims 1 to 7.
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